Which product to manufacture matters for a firm's productivity and long-run growth. Recent theoretical and empirical studies indicate that an important margin of adjustment to policy reforms is the reallocation of output within firms through changes in product mix decisions. This paper examines the frequency, pervasiveness and determinants of product switching and upgrading activities in firms located in China's state-owned forest areas during a period of gradual institutional and managerial reforms (2004)(2005)(2006)(2007)(2008). We find that changes to the product mix are pervasive and characterized by adding or churning products rather than only shedding products. Moreover, changes in firms' product mix have made a significant contribution to the aggregate output growth during our sample period. We also find that firms with different characteristics, human capital and market conditions differ in their propensity to diversify and upgrade product mix.
Introduction
A rapidly growing literature indicates that what a country makes matters for its growth. In the endogenous growth models, such as those in Aghion and Howitt (1998) and Barro and Sala-i-Martin (2003) , long-run growth tends to depend on economic structure and the rate at which it is being transformed. These models suggest that specializing in the production of some products is more growth promoting than specializing in others. Hausmann et al. (2007) construct a quantitative index that ranks traded goods in terms of their implied productivity, and show that countries that latch on to higher productivity goods will perform better subsequently. UNIDO (2009) also finds that there is a strong and positive relationship between the sophistication level of a country's industrial production structure (in terms of technology, organizational quality, design and logistics) and its subsequent growth.
Hence, as this literature suggests, an important channel for fostering economic growth is to "move up the product sophistication ladder" by altering the production structure to products that embody high productivity and generate positive learning spillovers to the rest of the economy. However, product switching may be costly. Production of a new good requires investment, the cost of which is borne by the pioneer entrepreneur in full whereas the gains may not be fully appropriated. This occurs in both technology innovation and importation process. Hence if the inducements such as investment subsidies or anti-competition policy to discover costs in new activities are inadequate, product switching may not happen and the investment already made may well be sunk (Hausmann and Rodrik, 2003; Acemoglu et al., 2006) . Besides, unfavorable institutions and regulations on input and/or output markets tend to retard product switching due to the high sunk cost associated (Goldberg et al., forthcoming) . Under such circumstances, economic growth is likely to be slowed down.
The link between a country's product sophistication and economic growth to a large extent can be carried over to the industry and firm level (UNIDO, 2009 ). This paper examines patterns of product selection, switching and upgrading, and the determinants of the changes at the firm level. First, it analyzes how firms located in China's state-owned forest areas adjust product lines over a period during which gradual institutional and managerial reforms occurred. Whether a reform can induce a reallocation of resources within industries that will render gains in aggregate output/ productivity is a core issue for assessing the effect of the reform. Until quite recently, research into industry dynamics has addressed this issue by focusing exclusively on firm entry and exit where each firm is treated as producing a single product, and the adjustments of extensive margins undertaken by multi-product firms through adding and dropping products are ignored (Bernard et al., 2010) . Some recent papers empirically examine the contribution of firms' product mix changes to the changes in firms' output over time and find it significant (for example, see Bernard et al. (2010) for US, Goldberg et al. (forthcoming) for India and Navarro (2008) for Chile).
The second question this paper seeks to address is how firm-level characteristics drive the decision of a continuing firm to alter and upgrade the product mix under the institutional and managerial reforms. We model both the product scope growth rate and the probability of a continuing firm to change product mix against three sets of variables -firm characteristics (ownership, firm age, size, technology level measured by research and development (R&D) intensity and computerization level, productivity level, and product scope), human capital (age, experience, education and political connections of the manager, and education of workers) and market environment variables (credit constraints and perceived raw material supply constraints measured by perceived wood, energy, and other raw material supply constraints). In order to investigate an upward move of the product portfolio in the productivity hierarchy, we further model the likelihood of a continuing firm to upgrade its product structure against the same factors. An increase in the firm's detrended overall productivity associated with the whole product bundle measured as a firm-level analogue to the EXPY index in Hausmann et al. (2007) is used as the measure for product upgrading.
There are three reasons to motivate this paper. Above all, there are still few studies on the characteristics and product mix decisions of multi-product firms from developing country settings.
Remarkable differences in resource allocation efficiency across heterogeneous firms exist in countries at different stages of development. Firms hence face different regulatory and market environment constraints (Tybout, 2000) . Therefore, more evidence from the developing world, especially the largest developing country China could supplement the current literature and enable the comparison across countries. Second, the existing literature largely tries to test the open-economy model predictions about the link between trade liberalization and firms' product scope. This paper rather tries to examine a different set of driving factors of firms' product mix decisions under a distinct policy intervention. The different focus of this study hence seeks to test whether there are other possible mechanisms through which product mix decisions could be adjusted. Third, besides the extensive margins and product mix decisions, this paper also explores the product upgrading decisions. This links the analysis to the productivity literature and extends the conventional productivity studies from the firm level to the product level, which could shed some light on the relationship between product choice and firm efficiency.
The analysis is based on a unique firm-level panel dataset for years 2004 and 2008 coming from surveys conducted in China's state-owned forest areas. These areas provide an attractive setting for this analysis because in order to alleviate the "two-crises" -ecological degradation and economic lossmaking, the government has implemented a series of gradual institutional and managerial reforms in recent years that altered the conditions in which the firms operated. While all used to be state-or collective-owned workshops of state forestry bureaus (SFBs) which are the key economic and political actors in the state-owned forest areas, some of the firms have been privatized and restructuring of the remaining firms is still ongoing. The dataset is well suited for studying these issues. It contains very detailed product information, which allows the investigation on product switching and output growth for a rapidly growing developing country. Moreover, firms in the forest areas usually engage in activities that do not require massive sunk cost investments in new state-of-the-art technology, which implies product switching is not prohibitively expensive and may happen.
We find that there is considerable variation in the value-added associated with each product.
Within the same industry typical multi-product firms in our sample are larger, more productive and more likely to export than typical single-product firms. In addition, product mix changes are pervasive in our sample and such changes are characterized by adding or churning products rather than only shedding products, and multi-product firms are more likely to change product mix than single-product firms, especially through product churning. Moreover, changes in firms' product mix have made a significant contribution to the aggregate output growth during our sample periods.
The empirical results further indicate that some firms are more prone to diversify and upgrade their product mix than others. Firms that are older, have an R&D department, produce a single product, have a lower proportion of workers with college degree or above, have separate manager and Communist Party leader, and face wood supply constraint in 2004 have higher product scope growth rate between 2004 and 2008. Firms that are less computerized, produce multiple products, have a manager with college degree or above, and have less difficulty in accessing external finance are more likely to change their product mix. Moreover, firms that are less productive, whose manager has no experience of working in governmental organizations but works concurrently as the Party leader, that are not confronted with constraints in either external finance or energy resources tend to have higher probability to upgrade product portfolio subsequently. These results hold when we take the random factors affecting firms' survival into account.
The remainder of the paper is structured as follows. Section 2 reviews the literature on firmproduct level heterogeneity and productivity of a country's industrial production structure and growth.
Section 3 introduces the background of China's state-owned forest areas and ongoing reforms, and describes the dataset. Section 4 documents the firm-product level patterns. Section 5 presents the nature of product mix change between the sample years. Section 6 discusses the empirical models and reports the regression results. Section 7 concludes with a brief discussion on policy implications.
Literature review
This paper relates primarily to two strands of a small but fast growing literature. One studies patterns of heterogeneity observed at firm-product level to understand how firms respond to changes in their economic environment. The other examines the link between the productivity of a country's industrial production and export structure, and growth.
Developments in the first area have been stimulated by the need to ameliorate the drawbacks in the previous research in industry dynamics, where studies focus almost exclusively on the contribution of firm entry and exit to resource reallocation, treat each firm as producing a single product and ignore the adjustments of the extensive margins undertaken by multi-product firms through adding and dropping products in response to policy reforms (Bernard et al., 2010) . The analysis on multi-product firms' product mix decision is intriguing since the intra-firm resource reallocation can potentially be a significant source of aggregate output increase at the firm level (Aw and Lee, 2009 ). Bernard et al. (2010) , Goldberg et al. (forthcoming) and Navarro (2008) document patterns of firm characteristics and product mix changes over time for US, Indian and Chilean manufacturing firms during the period of 1987-1997, 1989-2003 and 1996-2003 respectively. 1 Though differences in their product classifications and design of firm level surveys make it difficult to compare results related to firm and product characteristics across countries, some similar patterns are observed. One common finding is that multi-product firms are stronger performers: multi-product firms are larger in terms of
This firm-product level heterogeneity is usually related to international trade liberalization in this strand of literature. While differing in their assumptions regarding firm-product characteristics and dynamics, recent theoretical models of multi-product firms all predict that the range of products within a firm (firm scope) is an important margin of adjustment in response to trade policy changes (see Nocke and Yeaple, 2006; Bernard et al., 2009; Eckel and Neary, 2010) . A common approach in this literature is to treat product switching as a selection process based on the efficiency (trade costs) of the products. Firms drop their least efficient products, hence reduce scope, and concentrate resources on their core competence. Some empirical analyses provide support for the theoretical predictions.
, more productive and more likely to export than single-product firms. In addition, they all find that product switching is a very common activity: 54% and 28% of surviving firms alter their product mix every five years in the US and Indian firms, and three quarters of Chilean firms change product composition in the sample period. Furthermore, changes in firms' product mix have made a considerable contribution to aggregate output growth: it accounts for 25% and 55% of the net increase in Indian and Chilean manufacturing output during the sample period, respectively. These findings stress the importance of product switching activities for output growth and validate the focus on firms' product margin in empirical work (Goldberg et al., forthcoming; Navarro, 2008) .
1 The unit of observation for Navarro (2008) is plant rather than firm. 2 Bernard et al. (2010) and Navarro (2008) also report that multi-product firms are larger in terms of employment. Iacovone and Javorcik (2010) et al. (2005) find that larger and more productive firms are more likely to exit by changing their product lines. On the other hand, market demand has no effect on the decision of a firm to shift out of an industry versus shutdown.
The emerging literature focusing on the link between productivity of a country's industrial production/export structure and growth originates from the work of Hausmann et al. (2007) . The principal message conveyed here is that what countries produce matters. While the argument that specializing in the production of some products is more growth promoting than specializing in others is not new, Hausmann et al. (2007) establish a quantitative index by which learning-by-doing effectsa cornerstone in endogenous growth models -can be empirically verified. They first rank traded goods in terms of their implied income/productivity, constructed as the weighted average of the per-capita GDPs of the countries exporting a product (which they call PRODY). They then construct the income/productivity level corresponding to a country's export basket as a measure of that country's specialization pattern (which they call EXPY), by calculating the export-weighted average of the PRODY for that country. This approach attempts to classify products according to the outcomes of structural change they embody rather than the process technology they use (UNIDO, 2009). They find that after controlling for standard covariates countries that specialize in producing and exporting more sophisticated products, those that are primarily manufactured and exported by countries at higher income levels, tend to grow faster subsequently. Two prominent examples are China and India, whose industrial productivity levels are much higher than what would be predicted based on their income levels. The economic mechanism behind this link is that growth is a result of transferring resources from lower-productivity goods to higher-productivity goods identified by the entrepreneurial "cost discovery" process that generates positive knowledge spillovers from the pioneer entrepreneur into new activities to emulators. Since the positive externalities imply that investment levels in "cost discovery" among private economic agents are sub-optimal, Hausmann et al. (2007) suggest government-led industrial policies to promote entrepreneurship and investment into new activities.
UNIDO (2009) provides support to the aforementioned positive relationship.
Data

Background of China's state-owned forest sector and its reforms
Administering 42% of China's total forest area, 68% of total timber volume and almost all of the nation's natural forest resources (Xu et al., 2004 ), China's state-owned forest areas are an important part of its forest sector. 4 The formation of state-owned forest areas dated back to the early 1950s, when the vast natural forests mainly in northeastern and southwestern China were decreed to be owned by the state. SFBs, which are actually state-owned enterprises, serve as the key economic and political actors in the state-owned forest areas, with timber logging and transportation, wood processing and silviculture as three primary business sections. , each of which administered hundreds of thousands of hectares of forest area, and employed up to a total of 1.5 million people throughout the 1980s and 1990s (State Forestry Administration, various years). Apart from the main businesses, these SFBs as part of the state-owned enterprise system, had also been responsible for providing social services for the communities where they located, many of which came into existence due to the establishment of these bureaus (Bennett et al., 2008) .
To facilitate wood processing and related product manufacturing, the SFBs set up thousands of smaller mills, which located in geographical vicinity and were often part of the so-called integrated forestry system. Although a majority of them produced wood related products, there were also a host of mills operating in other sectors, such as food and beverage processing, or providing ancillary services to the processing mills, such as machine manufacturing and maintenance. In the planned economy era, the SFBs were both owners and managers, and the only legal agents able to deal with the state over taxation and profit-contracting and with external economic agents (Zhang, 2000) . The mills acted only as workshops of the bureaus with all land, capital and other material inputs supplied through budgetary channels, and all profits required to be remitted to the bureaus. They were supposed to only implement the plans made rather than to seek profit.
Up through the late-1980s to mid-1990s, the revenues generated from timber production and processing from natural forests have generally been sufficient to cover the operating expenses and social welfare responsibilities of these bureaus, in many cases via unsustainable harvesting practices (Bennett et al., 2008) . However, like other sectors in the planned economy, most SFBs suffered from the problems of low efficiency, overstaffing and weak competitiveness and up to the 1990s most of them had run into negative profits. Research on the operation losses of processing firms indicates that in the ten years up to the end of 1998 the combined losses of 14 key mills in Heilongjiang Province had reached 119 million CNY, accounting for 62% of the total losses in the forest industry in that province (Wan et al., 2004) . The state forest sector relapsed into the problem of "two-crises" -ecological degradation and economic loss-making. Hence since mid 1990s the attempts to restructuring the processing section have never ceased. In general, the reform has been following more or less the same course as in other state-owned industrial sectors (Zhang, 2000) , but at a lower rate.
The reform focused primarily on the implementation of "managerial responsibility systems" and transformation of organizational models, then switched to privatization.
"Managerial responsibility systems" were introduced to depoliticize the mills. Under the new systems, managers were delegated autonomy to make many decisions, and both managers and workers were given financial incentives -primarily bonuses -contingent on mill performance which was measured by the sum of turned-in taxes and profits to the SFB. In addition, new managers were not exclusively appointed by the SFBs anymore, but through auctioning-off to select competent candidates.
The mills began to become an independent cost accounting unit, a step towards the modern form of firm management. Manifold organizational reforms were also widely implemented: setting up multimill processing group, joint-stock reform, contracting management, lease management, etc. (Li and Zhang, 2000) . All these arrangements reflected the attempts to maximize the value of the processing business section and to align the interests of the managers and workers with those of the owners.
However, the agency problem was still prevalent and the residual claim of rights was unclear in the state-owned mills. A gradual process of privatization was hence initiated in late 1990s, partly evoked by the introduction of the Natural Forest Protection Program (NFPP) due to the severe floods in 1998, which called for a logging reduction in state-owned forests and exacerbated the situation of mills whose raw material was mainly bought from local SFBs. To marketize the mills and to remove the political influence from the SFBs are the key to alleviate the "two crises". The privatization is still on-going now.
Data collection
This study uses combined panel data on firms and SFBs located in China's Northeast-Inner Mongolia state-owned forest area, collected in face-to-face interviews with the firms' management and SFBs' The sampling frame for the SFBs and firms is as follows. The forests in this area were partitioned based on geographical locations to seven regional SFBs and managed by 84 subordinated SFBs. The survey covered all seven regional SFBs. At each level the samples were randomly selected to guarantee the representativeness. In each of the regional SFB, the SFBs were stratified into three groups by the size of the forest area administered, and one was randomly selected from each group.
7
Ten firms were then randomly selected from each of the chosen SFBs. In total 206 firms were finally included in the survey. 8 Since 32 firms did not provide detailed product information or data on other major variables, they are excluded from our analysis. As a follow-up survey, the 2009 survey tracked the same SFBs and firms that were interviewed in 2005 and no new entrants were taken into consideration. Systematic reasons (e.g. shutdown, merger and acquisition, temporary suspension of production) and random dropouts (e.g. non-reachable, decline to answer, missing values in major variables) rendered a reduction in the number of firms to 97 in the 2008 data.
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Although the sample size is small, the information collected is rather rich. At the SFB level, it contains information on SFBs' forest resource, production and sales, financial status, employment, leadership and ongoing projects. At the firm 10 level, the questionnaire consists of two parts. One part, designed to be answered by the firm manager, asks questions about the firm's basic characteristics, ownership structure and privatization process, histories of manager turnover, managerial arrangements, contractual relations with the SFBs. The other part, directed to the accountant, covers details about the firm's major financial sheets and use of inputs (capital, workers and wage bills, material and energy).
The survey also records detailed information on each firm's product list including names, production and sales prices, quantities and thereby values. In addition, general information on product market and raw material market environments is also collected. Hence, this dataset is well suited to study how firms in the state-owned forest areas adjust their product lines over time and how their choices may be related to the firm level characteristics.
Product classification
While our sample firms are located in forest areas, they do not produce exclusively wood related products. The reporting of products by our sample firms is not governed by any particular product 7 To account for the fact that the number of SFBs under the jurisdiction of Yichun regional SFB in Heilongjiang Province doubled that in other six regional SFBs, one more set of sample SFBs was selected. Consequently, fifteen, six and three SFBs were selected from Heilongjiang, Jilin and Inner Mongolia, respectively. 8 According to the sampling frame, 240 firms were supposed to be interviewed. However, due to the limited number of firms in some SFBs, not up to ten firms could be reached in all SFBs. In such cases, all entities were interviewed. 9 Systematic reasons account for 56% of the observation reduction and random dropouts for the remaining44%. 10 The unit of observation in our sample is firm. It is rarely the case that a firm has more than one plant in our sample area.
classification. Since the names of products reported by the firms could differ in aggregation or the way the firm called a product, we standardized the product names and define product, industry and sector according to two national standards. One is China's Industrial Classification for National Economic
Activities (2002), henceforth ICNEA, which categorizes economic activities in China into four levels, using English alphabets, two-, three-and four-digit codes respectively. 11 The other is Product Classification Catalog for Statistical Use (2010), henceforth PCC, which classifies the products to a more disaggregated level. PCC uses a five-level coding system, with two-, four-, six-, eight-and tendigit codes. ICNEA and PCC are harmonized at the two-and four-digit code level. 12 We mapped all reported product names into six-, eight-or ten-digit PCC codes and take this as the definition of a "product".
13 Table 1 sector. This substantial heterogeneity makes sense since the original purpose of establishing these firms was to process timber and manufacture wood-related products. Comparing the distribution of industries and products by sector between pooled all firms and pooled continuing firms
We refer to the three-digit ICNEA categories as "industries" and two-digit ICNEA categories as "sectors". There are a total of 90 products linked to 26 industries across 17 sectors in our data.
14 11 ICNEA is comparable to the UNSD: 1989, International Standard Industrial Classification of All Economic Activities, NEQ.
, we find similar pattern of high unevenness. However, in the latter sample the total number of products reduces to 74 related to 19 industries and 14 sectors, and the share of firms operating in wood processing 12 At the four-digit level, ICNEA and PCC assign the same code to most, but not all economic activities. However, this does not matter for our analysis, since we do not use the four-digit codes as our classification of product, industry or sector. 13 Eight-digit codes are our primary standard of classification. 2 products are classified at ten-digit level. Since for some products six-digit codes that are the most disaggregated level in PCC are not disaggregated enough for our analysis, we created the 8-digit codes by ourselves. This accounts for 9 products. to 66 and from 17 to 18, respectively. Despite that the number of sectors does not change (13 sectors), one sector churns another. In addition, the share of firms operating in wood processing sector drops from 72.2% to 69.1%. These differences indicate that some products, industries and sectors exit our sample together with the exited firms between the two years and the continuing firms have diversified their production within the same sector.
< Table 1 to be here >An example of the mapping hierarchy of sectors, industries and products is given in Table A1 . The table reports two industries within the wood processing sector (ICNEA 20):
Processing of Sawnwood and Wood Chips (ICNEA 201), which contains 17 products, and
Manufacturing of panel board (ICNEA 202), which contains 10 products. As with all classifications, the degree of detail varies across industries and sectors. Even so, we refer firms producing only one product by our definition as single-product firms, and multi-product firms otherwise.
< Table A1 to be here >
Firm-product level patterns
In this paper our overall aims are to document how firms in the state-owned forest areas adjust their product lines over a period of institutional and managerial reforms and to identify firm level characteristics that may affect product switching and upgrading. In this section, we portray product level value-added, compare single-and multi-product firms in terms of their economic significance and main firm characteristics, First of all, we investigate how products differ in terms of their value-added. This is done by estimating a log-form value-added Cobb-Douglas production function including all number-weighted product dummies as equation (1).
where is firm 's value-added level in year measured as total sales revenue 15 minus the value of total material inputs (sum of the non-labor expenses on raw materials and energy), is firm 's labor in year measured by number of workers, is firm 's capital in year measured by the net value of fixed assets, is firm 's product dummy for product , and is the year dummy.
The product dummy is equal to one over the number of product(s) for each product that firm produces and zero otherwise. The time dimension of the product dummies is suppressed since we assume that the value-added associated with each product ( ) is prevailing during the whole sample period. The constant term is also suppressed so that all s can be estimated. All the input and output variables in 2008 are converted to 2004 constant values using different price indices as deflators to capture the real value changes.
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< Table 2 to be here >
The estimated coefficients � s hence capture the value-added level associated with each product. Table 2 presents the estimation result of equation (1). The Wald test result of the coefficient estimates associated with the product dummies indicates that the products are jointly significant at 1% level. The standard deviation of these estimates is around 2, implying that there is a wide dispersion of the product-specific value-added. This result suggests that product selection does matter for the value-added level for a firm as a whole.
We then explore the relative economic significance of single-and multi-product firms in stateowned forest areas. Table 3 reports the average breakdown of single-and multi-product firms in terms of number and real total output, and also the average number of products, industries and sectors multiproduct firms produce across 2004 and 2008. As indicated in the table, multi-product firms account for 47% of the firms and 50% of the aggregate output. They are relatively more important, but not as 15 We focus on revenue-based measures of productivity rather than quantity-based measures because data on physical units of quantity is not available for all products and physical units of output are not comparable across firms for many products, e.g. wooden furniture. We are fully aware of the possible problems of revenue-based productivity measures as pointed out in Foster et al. (2008) and Katayama et al. (2009 dominant as found in the US (Bernard et al., 2010) and Indian (Goldberg et al., forthcoming) cases.
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< Table 3 to be here > Multi-industry and multi-sector firms exert similar influence, responsible for 34% and 9% of firms and 43% and 25% of output, respectively. Column (3) of Table 3 reveals that multi-product firms on average manufacture 2.76 products, that multi-industry firms on average operate in 2.25 industries and that multi-sector firms on average are present in 2.08 sectors. (standard error in parenthesis) of the (log of) firm characteristics (except probability of export which is a binary dummy) on a dummy variable equal to one if the firm produces multiple product (column (1)), industry (column (2)) and sector (column (3)), respectively, with industry and year fixed effects controlled. As reported in the table, typical multi-product firms in our sample are significantly larger than typical single-product firms within an industry in terms of output (0.751 log points), employment (0.569 log points) and physical capital (0.753 log points).
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< Table 4 to be here > At first glance it seems to be contradictory with the finding from Table 3 that single-and multi-product firms are similar across size. When comparing the distribution of size (output, employment and physical capital) between single-and multi-product firms, we find that the means are very similar, whereas the median of multi-product firms is twice as large as that of single-product firms. Therefore, the similarity across size can be explained as driven by some exceptionally large single-product firms.
Multi-product firms are also more likely to export and have higher revenue-based total factor productivity (TFP) 19 and labor productivity 20 17 Though it is nice to link our results to the findings from other studies in the literature, we have to admit that comparisons between our study and other studies must be conducted with great caution since the sample coverage, size and economic environments in which the firms operate differ tremendously.
than single-product firms in the same industry, though 18 The Average size of the firms, measured by output, employment and physical capital across the two rounds of the data, is 10385 thousand CNY (1 USD=6.53 CNY), 160 employees and 6001 thousand CNY, respectively. The standard deviation is 24237 thousand CNY, 362 employees and 17790 thousand CNY, respectively, indicating that the range of firms covered by the survey is large. Firms range in size from 6 to 192314 thousand CNY in output, from 2 to 4992 in employees, and from 2 to 176300 thousand CNY in physical capital.
19 Revenue-based TFP is measured as the residual of the log-form Cobb-Douglas production function = − − − where is firm 's output in year measured by sales revenue, is firm 's labor in year measured by number of workers, is firm 's capital in year measured by net value of fixed assets, and is firm 's materials in year the differences are statistically insignificant. This is consistent with the cross-section evidence in Bernard et al. (2010) and Goldberg et al. (forthcoming) . Similar patterns are discovered with respect to firms producing in multiple industries and sectors, except that the differential in probability of export turns to be marginally significant and single-sector firms become relatively more productive than multi-sector firms despite that the difference is statistically indistinguishable from zero. This change of signs of TFP may result from the high fixed costs associated with spanning production across different sectors.
The model presented in Bernard et al. (2009) predicts that firms possess "core competencies", implying that firms should have highly skewed distribution of output towards products for which they have particular expertise. We find support for this prediction in our data that the distribution of sales across products within the firms is uneven and firms possess a "core competent" product, as shown in Table 5 . The average share of the "core competent" product ranges from 73% to 46% in total sales in < Table 5 to be here >
Product mix changes over time
In this section, we follow the empirical product mix change literature (Bernard et al., 2010; Goldberg et al., forthcoming; Navarro, 2008) We first illustrate the nature of product mix changes between 2004 and 2008 that resulted in the observed expansion of the extensive margin. We classify the continuing firms into one of four measured as the non-labor raw material and energy inputs. Instead of estimating the production function and obtain the estimates of input coefficients, we assume constant returns to scale and compute the factor cost shares. Factor share of labor is calculated as the share of total annual wage bill in the firm's total sales revenue, and factor share of materials is calculated as the ratio of the total expenditure on material inputs to the firm's total sales revenue. The share of capital is hence the residual share after deducting the shares of labor and materials from one. We then take the median of the factor shares, and they are 0.19 for labor, 0.14 for capital and 0.67 for materials. 20 Labor productivity is measured as value-added per worker. product mix change is pervasive among our sample firms and this change is characterized by adding or churning products rather than only shedding products. As indicated in the first column of the top panel,
over the four year period 61% of the surviving firms alter their product mix, 26% by adding at least one product, 8% by dropping at least one product, and 27% by both adding and dropping at least one product. This indicates that the cost is relatively low to alter product lines. Secondly, smaller firms are more likely to switch product lines. Column (1) in the bottom panel suggests that product-switching firms that account for 61% of the firms only account for 36% of the total output. Thirdly, by comparing results in columns (2) and (3) we find that multi-product firms are more likely to change product mix than single-product firms, especially through product churning. When our results are compared to the findings in the US, India and Chile, only the third feature is common, whereas Indian firms experience much less product switching and in the US and India larger firms are more prone to alter product mix in comparable time intervals.
< Table 6 to be here > In order to investigate the contribution of changes in product mix to changes in real output of continuing firms, we then decompose the aggregate changes in output into changes in output due to changes in product mix (i.e. the extensive margin) and changes in output due to existing products (i.e.
the intensive margin). Let be the output of product produced by firm in period , be the set of products that a firm produces only in period or − 1 (i.e. the extensive margin), and be the set of products that a firm produces in both periods and − 1 (i.e. the intensive margin). The changes in a firm's aggregate output between periods and − 1 can be decomposed as
We can further decompose the (net) extensive margin and (net) intensive margin: the former into the margins due to product addition (A) and product dropping (D), and the latter into the margins due to product growing (G) and shrinking (S). Hence the aggregate change in output among continuing firms in our sample is (2)- (4) report the contribution to growth from the firms' extensive margin. Columns (5)- (7) and intensive margins, we find that our data indicate a high level of "excess reallocation" coined by Bernard et al. (2010) which highlights the fact that gross changes in product output are substantially larger than the associated net changes.
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< Table 7 to be here > As can be seen from columns (2)-(4), both product additions and subtractions contribute to output changes so that the gross extensive margin (0.72+0.21=0.93) is almost twice as large as the net extensive margin (0.72-0.21=0.51). A similar pattern can be found in the resource reallocation away from shrinking products and to growing products within the intensive margin.
Product mix changes and firm level characteristics
Empirical models and results
In this section, we identify the factors that may affect the decision of a continuing firm to alter and upgrade product mix. Before presenting the econometric model, we first discuss our measures for product mix changes and upgrading.
We measure product mix changes in two ways. The first indicator is product number growth rate, To determine whether product mix changes are in a good or bad direction, we construct an index to measure the product upgrading which is analogous to EXPY in Hausmann et al. (2007) but at the firm level. The key underlying assumption here is that productive firms produce more sophisticated products and unproductive firms produce less sophisticated goods. An index , similar to PRODY in Hausmann et al. (2007) , is calculated as
where is the value share of product in firm 's total sales, ∑ is the aggregate of value-shares across all firms producing/selling the product, and is the value-added per worker of firm . This index hence represents the weighted average productivity level associated with product among its producers. As compared to the value-added associated with each product deriving from estimating equation (1), this product-level productivity measure takes the relative importance of each product in a firm into consideration. The productivity level associated with firm 's entire product portfolio, , is in turn defined by Product upgrading is hence defined as a positive change in a firm's between the sample years, and represented by a binary dummy taking the value of one if a continuing firm experiences such a positive change and zero otherwise.
In order to take account of the co-variation in different firms' overall productivity in a given year, we detrend this index by computing the percentage difference between and median in respective years as
Our measures and may suffer similar weaknesses as the PRODY and EXPY indices as Wang et al. (2010) point out. The key assumption underlying -the more productive firms produce more sophisticated products, may not be true. More productive firms may often produce a larger set of products than less productive firms. Moreover, larger firms may also often produce a larger set of goods than smaller firms. These features suggest that the index may overweight more productive and larger firms. Second, detailed diversity in the quality and variety of goods within a product category may not be revealed by the indices. However, these pitfalls are partly mitigated in our product upgrading measure since the differencing procedure offsets the overweighting problem.
The econometric model is specified as
ℎ denotes the dependent variable of interest -product number growth rate, the probability of a continuing firm to change product mix, and the probability of a continuing firm to upgrade product portfolio between the sample years. All models are estimated by OLS, and the initial year's value is used for all the explanatory variables to mitigate potential endogeneity problems. Firm characteristics include ownership (private vs non-private), firm age, firm size (measured by physical capital stock) and technology level (measured by R&D intensity and computerization level). We also control for the 22 We suppress the time dimension of the indices to keep the expressions simple.
firm productivity level (measured by log of TFP) and the product scope (single vs multi-product).
Human capital variables include age, experience, education and political connections of the manager, and education level of workers. Market environment variables include credit constraint and perceived raw material supply constraints (measured by perceived wood, energy and other raw material supply constraints). The definitions of these variables are listed in the top panel of Table 8 . We focus on these firm level variables mainly because the major policy intervention in our sample region and period is the institutional and managerial reforms rather than trade policy changes as commonly studied in the literature. Besides, we also control for sector dummies to account for differences in sector-specific market demand conditions and shocks.
< Table 8 to be here > Amongst the firm characteristics variables, ownership is one important variable. As compared to non-private firms, private firms have more discretion over product choice and less interference from the SFBs in their production decision-making. The direct managerial group, consisting of manager, Communist Party leader, board chairman or partners, in all private firms has the right over production decision-making, whereas the counterpart in only two thirds of the non-private firms has this right. A significant coefficient on ownership signals that firms respond to ownership type by changing their product mix. Some studies have shown that restructuring of state-owned enterprises in China has pronounced effects on improving labor productivity and profitability (Dong et al. 2006; Bai et al., 2009 ) and increasing innovative effort and returns to capital (Jefferson and Su, 2006 ). In addition, technology level captures the investment and sunk cost associated with innovation. Firms with an R&D department are expected to undertake more innovative activities and hence have a higher chance of improving future productivity. Fisher-Vanden and Jefferson (2008) find that in-house R&D, together with autonomous technical change and purchase of imported technology, are three sources driving technical change in Chinese industry. In-house R&D tends to be used for existing products, whereas foreign technology transfer focuses on new product development. However, computerization level may have two counteractive effects: on the one hand, it may be more costly for firms more highly computerized to switch from the production of one product toward alternative products; on the other hand, more highly computerized firms are more efficient in management of production hence are more likely to improve future productivity.
As for the human capital variables, besides the conventional ones, political connections, measured by whether the current manager has been a government official at various levels before and whether the current manager also works as the leader of Communist Party of China
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The market environment variables include two types of binding constraints on firm developmentraw material supply constraints and credit constraint. The former capture some market and state failures particularly pertained to the context of our sample area partly due to the practice of NFPP and the transitional nature of the economy. The latter measures a common phenomenon in the world.
Many papers study the role of limited access to external finance and find that credit constraints hamper the investment in high-return activities (Banerjee and Duflo, 2004; McKenzie and Woodruff, 2006; De Mel et al, 2008) .
in the firm, are controlled to account for certain institutional features in a transition economy such as that of China. A growing body of literature shows that political connections can help firms obtain favorable regulatory conditions (Faccio, 2006) , overcome institutional difficulties (Li et al., 2006) , and secure access to resources such as bank loans (Bai et al., 2006; Khwaja and Mian, 2005) and courts to settle business dispute (Li et al., 2008) , which will eventually increase the value of firms or improve their performance (Fisman, 2001; Johnson and Mitton, 2003) . Table 9 reports the summary statistics of the continuing firms. Product number on average grew for 27% from 2004 to 2008. 61% of the continuing firms altered their product mix and 60% of them actually upgraded their product bundle. 46% of the firms produced multi-products in 2004.
< Table 9 to be here > Table 10 presents the results of the product mix change models. We first investigate the determinants of product number growth rate in Column (1). The first set of variables we examine is increase of one standard deviation in the firm age will boost the product number growth rate by roughly 18.8% (15.665*0.012=0.188). This may be because older firms have more operating experience, so they are likely able to discern and cater for the market demand shift. Firms that have an R&D department in 2004 also tend to experience greater product scope expansion rates than firms that have not. Existence of an R&D department suggests that more stable R&D activities are undertaken, the chance that new ideas are tried out for new product development may be higher. The negative and statistically significant coefficient on multi-product indicates that product number growth rate is lower in firms that produce multiple products in the initial year than those produce single product. This result resembles the prediction of conditional convergence in the neoclassical growth models that a country will grow faster if it has lower initial income. All the other firm characteristics, including ownership, firm size, computerization and productivity level, play no significant role in determining product number growth rate. The second set of variables represents controls for human capital of firms. Firms that have a higher proportion of workers with college degree or above and that have manager who works concurrently as the Communist Party leader experience significantly lower subsequent product scope growth rate. Firms with a higher proportion of well-educated workers tend to be more highly specialized in the production of certain existing product(s), suggesting that it is more costly for them We then move to analyze the determinants of the probability of a continuing firm to alter product mix in Column (2). As discussed earlier, product mix changes measures either changes in product number or changes in product portfolio composition with product number holding constant. Some different patterns emerge when this more comprehensive product switching indicator is used.
Examining firm characteristics, result suggests that firms equipped with a higher computerization level in the initial year have a significantly lower probability of changing their product mix in the following years. This may be because it is more costly for firms more highly computerized hence with technology more highly specialized in the production of one product to shift product lines toward alternative products. In addition, firms that produce multiple products in the initial year are more likely to change product mix subsequently than single-product firms, which is consistent with the finding from Table 6 . This may be because multi-product firms that are already selling their outputs in different product markets tend to have more experience in establishing distribution or sales networks or contacts. However, ownership type, firm age, having an R&D department or not, and productivity level of the initial year indicate no significant effect on the likelihood of following changes of product mix. While consistent with the finding in Table 6 that firm size (log physical capital) has a negative correlation with the probability of product switching, the correlation is not statistically significant at the conventional levels. Regarding human capital variables, only manager's education exerts a marginally significant impact on the probability for a continuing firm to change product mix. As compared to firms whose manager has not received a college degree, firms whose manager has are 24% more likely to change product mix subsequently. Concerning the market environment, the negative and marginally significant coefficient on credit constraint suggests that a higher incidence of getting rejected when applying for a loan in a formal financial institution leads to a lower chance of switching product lines afterwards. This result is consistent with the general finding in the literature that difficulty in accessing external finance hampers the investment in potential high-return activities.
We finally examine the determinants of the probability of a continuing firm to upgrade product mix in Column (3). While not being an important determinant of product switching, initial productivity level plays an important role in determining subsequent product portfolio upgrading probability. Firms with lower initial productivity are more likely to upgrade product portfolio subsequently. An increase of one standard deviation in TFP will lower the probability of upgrading product mix by 9.6% (0.851*0.113=0.096). Conditional convergence type of argument could explain the result here too.
The key human capital variable in determining the probability of product mix upgrading is the political connections of the firm manager. However, the experience of working in government and the duality of working as both manager and Party leader have opposite impacts on the subsequent probability of product portfolio upgrading. One possible explanation could be exerted on the negative coefficient on experience of being a government official. Being government official and firm manager requires different sets of capabilities and skills, with the former focusing on administrative and coordinative ones and the latter on profit seeking and managerial ones. Therefore, the human capital The lack of a relationship between ownership and firms' product switching and upgrading activities is somewhat surprising. A potential explanation for our findings is that what is important for product switching and performance improvement is not the ownership per se but the intrinsic differences of firms and differential treatments associated with ownership, such as corporate governance, access to know-how, credits and markets etc., as pointed out by Estrin et al. (2009) impact cannot be taken into consideration by using our current model.
Robustness analysis
The analysis in the previous section is based on the continuing firms between 2004 and 2008. The OLS estimates may suffer from a selection bias if random factors that affect a firm's survival to 2008 also affect its product switching and upgrading during the time period. For example, some unobserved firm-specific characteristics, such as intrinsic managerial skills or a demand shock that maintain the firm in the market may also induce it to switch or upgrade products and thus introduce correlation between survival and product mix changes. To correct for this potential bias, we employ Heckman two-step sample selection procedure where firm survival and product mix changes, conditional on survival, are modeled as two separate processes. In the first step, we estimate the probability that a firm remains in operation, exits due to systematic reasons and exits due to random dropouts in 2008
using the multinomial logit model
where is the survival variable: = 0 if a firm exits due to random dropouts, Besides firm characteristics, human capital and market environment variables controlled for in the product change equation (6), the survival equation (7) includes a set of variables that determines selection but have no direct effect on product change and upgrading behavior. To facilitate identification, instead of controlling for sector dummies, we use a binary dummy differentiating whether a firm operates in a sector producing wood related products or not. We also include some SFB characteristics, i.e. industrial gross output, private property right development, human capital (age, tenure, political connections) 24 24 We do not control for education of bureau director defined in the same way as manager education, because all directors have a college education or above.
of the bureau director, and change of directorship in 2004. The definitions of these variables are listed in the bottom panel of Table 8 . Industrial gross output represents the economic status of a bureau. The better the economic situation a SFB is in, the more likely a loss-making firm under administration of the bureau will be bailed out when it is in financial distress, the more likely it will remain in market. Private property right development indicates how well the idea and practice of private property rights have been developed, spread and recognized in a SFB. The longer the history of private property right development, the more likely a firm will well prepare itself to survive independently, hence less likely it will exit the market. The human capital of the bureau director may also impact on the likelihood of a firm to survive. Similar as the case for firm manager but at a higher level, bureau director and Party leader in one person may have two counteractive effects: for one thing, this duality reduces the number of top decision-makers in a bureau and loses the supervision function of the Party leader, which may lower his motivation and impetus to make effort for the development of the bureau, which in turn may reduce the probability of survival of its administered firms; for the other, the concentration of power and the affiliation with the ruling Party may make it easier for the director to mobilize resources so as to develop the bureau, which on the other hand may raise the likelihood of survival of the firms. Change of directorship in 2004 measures the stability and continuity of the top administrative function. Such a change may disrupt the consistency of policies towards firms a bureau administers, and the adaptation to new managerial style or new rules may increase the probability of firm exit in subsequent years. The summary statistics of all firms are reported in Table A2 .
< Table A2 to be here > Table 11 reports the regression results of the Heckman two-step model. Columns (1) and (2) show the log-odds estimates of the survival equation for randomly dropped-out firms and systematically exited firms respectively, where the survival firms are used as the base category omitted from the estimation. When comparing the results, we can see that for randomly dropped-out firms only two firm level variables are statistically significant and no exclusion restrictions are significant at conventional levels, whereas for systematically exited firms three firm level variables and four SFB level variables are significant. This difference suggests that firms exited due to systematic reasons can well represent exit. Hence, in the following we focus our discussion on the systematic exit firms. Four significant exclusion restrictions out of six indicate that they are relevant. As predicted, the log-odds (logged relative probability) between exit firms and survival ones decreases by 11% with one year increase in private property right development, whereas the log-odds increases by 97% for one year longer tenure of bureau director and increases by 412% if the bureau under which a firm is administered changed directorship in 2004. Bureau director and Party leader in one person significantly increase the log-odds between exit and survival, indicating that the disadvantage of power centralization dominates the advantage. Besides SFB characteristics, firm age, size and productivity level are significant determinants of a firm's relative chance of survival. The log-odds between exit and survival is reduced by 6%, 44% and 104% with one year older in firm age, one log point larger physical capital and one log point higher TFP, respectively. These findings are consistent with Jovanovic (1982) 's learning model and many firm-level empirical studies in both developed and developing countries.
< Table 11 to be here >
Columns (3)- (5) of Table 11 report the results of the product change equation. The results are very similar to those from the OLS estimations presented in Table 10 . The insignificant coefficients on the inverse mills ratio in all three models suggest that the issue of the endogenous exit of firms has little effect on the parameters of the product change equation. Therefore, there is no endogenous sample selection problem and the OLS regression results are credible.
Conclusions
We analyze how firms in China's state-owned forest areas select, switch and upgrade their product mix during a period of gradual institutional and managerial reforms and the determinants of the changes at the firm level. We find that product-specific productivity has a very wide dispersion, indicating that what type of product firms produce matters for their overall efficiency and long-run development. Within the same industry multi-product firms are larger, more productive and more likely to export than single-product firms. We also find that changes in firm's product mix are pervasive among our sample firms and can be mainly attributed to adding or churning products rather than only shedding products. Moreover, changes in firms' product mix have made a significant contribution to the aggregate output growth during our sample period; on net, they account for approximately 86% of the increase in the aggregate output.
We estimate the effects of firm characteristics, human capital and market environment on a continuing firm's decision to alter and upgrade product portfolio. that are less productive, whose manager has no experience of working in governmental organizations but works concurrently as the Party leader, that are not confronted with constraints in either external finance or energy resources tend to have higher probability to upgrade product portfolio subsequently.
These results hold when we take the random factors affecting firms' survival into account.
More generally, quantifying the impact of firm characteristics, human capital and market environment is fundamental to improving our understanding of factors underlying observed patterns of product switching and upgrading within firms. Therefore, findings of this paper provide the basis for directions of further reforms in China's state-owned forest areas in order to enhance efficiency and better handle volatilities in the markets. However, the short longitudinal dimension of the data restricts us from addressing the effects of the dynamics of the institutional and managerial reforms on product portfolio adjustment. Future research could be directed to this field as longer panel data become available. Table reports summary statistics, by sector, for product-reporting firms. Column (1) reports the total product codes by sector. Column (2) reports the number of industries within each sector. Column (3) is the first column divided by the second column. Column (4) reports the share of firms producing in each sector. If a firm produces products in multiple sectors, the share in each sector the firm produces is calculated as the number-share of the product(s) in that sector to the total number of products the firm produces. TFP Natural log of TFP measured as the residual of the log-form Cobb-Douglas production function.
Multi-product 1 if a firm produces more than one product defined by our definition, 0 otherwise.
Human capital
Manager age Age of the current manager of a firm in year 2004. 
Market environment
Credit constraint 1 if a firm has applied for a loan in any of the formal financial institutions but got rejected in 4 years until year 2004, 0 otherwise.
Wood supply constraint 1 if a firm perceives that it always or sometimes happens that the demand for wood as input cannot be supplied, 0 otherwise.
Energy supply constraint 1 if a firm perceives that it always or sometimes happens that the demand for energy as input cannot be supplied, 0 otherwise. Here energy includes solid (coal and charcoal), liquid (heavy oil, gasoline, diesel and kerosene) and gas fuels as well as electricity, 0 otherwise.
Other raw material supply constraint 1 if a firm perceives that it always or sometimes happens that the demand for other raw materials as input cannot be supplied, 0 otherwise.
Wood-related product production 1 if a firm operates in a sector producing wood related products, 0 otherwise
SFB Variables
Industrial gross output Natural log of a SFB's total industrial output value in year 2004 (CNY). 
